Micropalaeontological and biostratigraphical studies included Campanian-Maastrichtian complexes from five oil exploration wells drilled in northern Serbia (Vojvodina): the first is a carbonate-clastic complex and second is a complex containing ophiolites intercalated with hemipelagic and pelagic sediments. Within the studied complexes, rich associations of planktonic and benthic foraminifera, calcareous nannoplankton, palynomorphs, as well as shallow and deep-water fossil detritus were determined. The presence of relatively rich associations of planktonic foraminifera allowed recognition of two biozones: the Globotruncana ventricosa Zone, observed in the sediments of the carbonateclastic complex and the Gansserina gansseri Zone, observed in both complexes. Except biozones, based on documented index species, for some units in both complexes, larger benthic foraminifera species had special biostratigraphical value, and in some of them, the calcareous nannoplankton zones were recognized. The studied complexes represent deep-water formations, generated in oceanic island arc and trough zones. The presence of limestones, which originate from destroyed rudist reefs, is explained by transfer by means of gravitational transport mechanisms of shallow-water sediments to deep-water depositional environments. In this paper, the results of more detailed biostratigraphical and palaeo-ecological studies of foraminifera associations in Campanian-Maastrichtian complexes in Vojvodina are presented. Combined with lithological studies, seven units were determined within the complexes. The obtained results are important as a part of multidisciplinary, regional exploration of both complexes, generated in specific geological conditions, that today constitute a part of the pre-Neogene basement complex in the southeastern part of the Pannonian Basin. The CampanianMaastrichtian carbonate-clastic complex represents sedimentary cover of the Eastern Vardar Ophiolitic Unit, while the ophiolites intercalated with hemipelagic and pelagic limestones belongs to the Sava Zone.
Introduction
Among the Mesozoic rocks of Vojvodina (northern Serbia), constituting a part of the pre-Neogene basement complex in the south-eastern part of the Pannonian Basin, Upper Cretaceous formations have the widest distribution. They are represented by Senonian sediments with volcanoclastic rocks of andesite-trachytic composition (Karadjordjevo Formation) and flysch deposits -Torda Formation (Kemenci & Čanović 1987; Čanović & Kemenci 1988 Čanović & Kemenci , 1999 . Only in a few wells diffe rent types of development of the Upper Cretaceous were observed, such as deep-water clastites of Albian-Cenomanian age, organogenic-detritic limestones of Late Turonian-Early Senonian age or red pelagic Santonian limestones (Kemenci & Čanović 1997) . A particular development in terms of micropalaeontological and lithological characteristics is observed in the Campanian-Maastrichtian complexes, which are the subject of study in this paper. A brief overview of the general characteristics of these complexes has been given earlier without considering any other aspects of their interpretation (Dunčić & Bogićević 2008 ).
The investigated Campanian-Maastrichtian carbonateclastic complex was encountered in several deep oil exploration wells of the Banat area (Central and North Banat) in Vojvodina. In this paper, all units in this complex, observed in three wells ( Fig. 1 ): Krajišnik Mesozoic-1 (KrMz-1), Sajan-1 (Sa-1) and . The Campanian-Maastrichtian ophiolites intercalated with hemipelagic and pelagic sediments have been identified in a few wells in the South Bačka area, and the complete development for the studied complex is present in two wells ( Fig. 1 ): Srbobran sever-1 (Srs-1) and Vrbas grad (Vbg-1).
This paper presents the results of the latest micropalaeontological studies of the Campanian-Maastrichtian carbonate-clastic complex and the next one containing ophiolites intercalated with sediments from wells in Vojvodina, with the aim of establishing a more precise biostratigraphical division and palaeo-ecological interpretation of studied complexes, as well as determining the units within them. Biostratigraphical analysis has enabled recognition of two biozones, based on relatively rich and varied associations of planktonic foraminifera: Globotruncana ventricosa Interval Zone (Middle to Late Campanian), identified in the sediments of the carbonate-clastic complex (well KrMz-1) and the Gansserina gansseri Interval Zone (Latest Campanian-Early Maastrichtian), observed in sediments of both complexes (wells KrMz-1, Mdj-3 and Vbg-1). In some sediment units from both complexes the biozones were not recognized, however, according to entire microfossil assemblages (especially larger benthic foraminifera species Siderolites vidali, S. charentensis and Bulbophragmium aequale), their age was determined as Upper Campanian. In terms of calcareous nannoplankton, within some of these units, the zones CC21a -CC22 were identified.
The studied complexes can be micropalaeontologically correlated with similar complexes, the development of which is documented in adjacent regions of the Tethyan bio-province. The purpose of this paper is to give a better view of the biostratigraphy of the Campanian-Maastrichtian complexes from wells in Vojvodina, which would contribute to better understanding of the geological history of the exploration area and geodynamic events during the Campanian-Maastrichtian.
The results of recent micropalaeontological, biostratigraphical, palaeo-ecological and lithological studies have indicated that the studied carbonate-clastic complex in North and Central Banat can be very well correlated with the corresponding sediments within the Eastern Vardar Ophiolitic Unit, while the complex, characterized by ophiolites, intercalated with hemipelagic and pelagic sediments from the wells of South Bačka demonstrates analogies with similar units of the Sava Zone.
Geological setting
Pre-Neogene basement complex in the south-eastern part of the Pannonian Basin in Vojvodina consists of tectonostratigraphic zones of five geotectonic units (Fig. 1) . The northern part of Vojvodina belongs to the Tisza Mega-unit, represented by a Proterozoic-Palaeozoic granite-metamorphic complex and Mesozoic formations, corresponding to the Triassic age (Kemenci & Čanović 1997 (Schmid et al. 2008) , across Vojvodina, where they have been observed in the pre-Neogene basement complex in the Pannonian Basin (Kemenci & Čanović 1997; Čanović & Kemenci 1999) , stretching fur ther southwards through east Serbia and Macedonia (Kara mata et al. 1997; Schmid et al. 2008; Robertson et al. 2009 ). Formations corresponding to the Eastern Vardar Ophiolitic Unit were drilled in over 200 oil and gas wells in the Vojvodina area. The oldest Mesozoic formations are repre sented by Jurassic schistes lustres, while the most striking Jurassic formations are According to numerous authors, the Sava Zone or Vardar Zone Western Belt (Karamata et al. 2000 (Karamata et al. , 2005 Robertson et al. 2009 ) can be traced through southern and central Serbia in the form of a narrow belt, which widens in the outskirts of Belgrade and Mt. Fruška Gora and bends northwestward, going further through northern Bosnia-Herzegovina and Croatia (Robertson et al. 2009 ). The Sava Zone represents the final suture collision zone between the Tisza and Dacia Megaunit and the Dinarides (Schmid et al. 2008; Robertson et al. 2009 ), as the extension of the Periadriatic Zone (Pamić 2002) . In its northern part, this zone is usually limited to isolated inselbergs within Cenozoic sediments (Robertson et al. 2009 ), consisting of Upper Cretaceous ophiolites intercalated with pelagic limestones, trench deposits, flysch, magmatic and metamorphic rocks (Ustaszewski et al. 2010 ).
Material and methods
Using micropalaeontological methods of studying foraminifera, rock samples from Campanian-Maastrichtian complexes from five deep oil exploration wells in Vojvodina area have been analysed. Analyses included core samples and cuttings. Studies were performed using two methods: washed residues and thin sections method. Foraminifera studies were based on analysing 130 washed residues from cuttings and cores and 180 thin sections from cores. Samples for the washed residues analysis were usually prepared following the classic micropalaeontological method. Micropalaeontological and petrological thin section preparation was also carried out according to standard procedure.
In semiquantitative analysis of foraminifera both thin sections and washed residues were used. Semiquantitative analysis included determination of relative abundance of planktonic and benthic foraminifera, then agglutinated and calcareous benthic foraminifera taxa, as well as other fossil remains, present in studied sediments (microplankton of calcisphaere type, detritus of shallow or deep-water fossils). The obtained results were used for palaeo-ecological interpretation. The results of these analyses, performed on each sample, were presented within stratigraphic well sections, using StrataBugs software (Figs. 2-6 ). The relative abundance of foraminiferal and other taxa is shown in four categories: rare (<5 %), few (5 -10 %), common (10 -25 %) and abundant (>25 % of whole microfossil assemblages).
All core and cutting samples, thin sections and microfaunal foraminifera specimens are stored in NTC NISNaftagas LLC Novi Sad (collections of Regional geology and unconventional resource department and Central Laboratory Upstream).
Results
Among the studied Campanian-Maastrichtian complexes in Vojvodina, development of seven units was observed, based on the results of micropalaeontological, biostratigraphical and lithological studies. Five units were determined in the stratigraphic line of the carbonate-clastic complex of Middle Campanian-Lower Maastrichtian age from three wells in the Banat area (Figs. 2-4), and two units within the complex characterized by ophiolites intercalated with hemipelagic and pelagic sediments of Upper Campanian-Lower Maastrichtian age from two wells in the Bačka area . While defining the units, the data obtained by earlier micropalaeontological and petrological studies were also used (Kemenci & Čanović 1997) , as well as the results of well log data interpretation and correlation (unpublished NTC NISNaftagas LLC Novi Sad in-house data).
Interpreted units of the investigated Campanian-Maastrichtian carbonate-clastic complex of the Central and North Banat area
The limestones from destroyed reefs of the The limestones of destroyed reefs of Middle-Late Campanian (unit 1) are determined in well KrMz-1, depth interval 3019-2939 m. This unit is in tectonic contact with Albian-Cenomanian deep-water clastites, which have been drilled in its basement, and underlies the following unit of this complex (Fig. 2) .
The unit consists of sandy biosparites and biosparudites (Grainstone and Rudstone microfacies) and microconglomeratic calcareous breccias. Fossil content in limestones is represented by very small detritus of shallow-water fossil: rudists (inner lamellar radiolitids layer, hippuritids fragments) and other bivalve shells, serpulid tube-worms and calcareous algae Coralinales. The age of unit 1 is indicated by the fact that the studied sediments in well section conformably underlie the next unit 2, the age of which was determined as Middle to Late Campanian, based on foraminiferal data. These limestones with reef-fossil detritus were formed from redeposited rudist reefs, transported into deeper depositional environments. Fig. 2 . Stratigraphic column of the Krajišnik Mesozoic-1 (KrMz-1) well with distribution and relative abundance of foraminifera and shallow-water fossils detritus.
GEOLOGICA CARPATHICA, 2017, 68, 2, 130 -146 The hemipelagic limestones of the The hemipelagic limestones of the Middle-Late Campanian and Late Campanian (unit 2) have also been determined in the well KrMz-1, depth interval 2939-2780 m (Fig. 2) . Sediments of this unit conformably overlie unit 1 and underlie unit 4 of the carbonate-clastic complex.
These sediments are represented by light-grey to dark-grey slightly sandy biointramicrites and biomicrites (MudstoneWackstone microfacies), interchanging with silty biointramicrites (Wackstone microfacies). In the higher parts of the unit (interval 2792-2780 m) these limestones contain centimetre-to decimetre-sized fragments of conglomeratic biointrasparites (Grainstone-Rudstone microfacies). Based on the determined globotruncanid association, in biointramicrite and biomicrite limestones of this unit in interval 2939-2792 m Globotruncana ventricosa Interval Zone (Middle-Late Campanian) was recognized. The Late Campanian age of the sandy and silty biointramicrites and conglomeratic biointrasparites of the higher part of unit 2 (interval 2792-2780 m), was based on the entire microfossil assemblage or selected taxa, among which a special biostratigraphical value is given to the globotruncanid species Globotruncanita elevata and larger benthic foraminifera species Siderolites vidali and S. harentensis.
The coarse-grained clastites and limestones of destroyed reefs from the Late Campanian (unit 3)
The coarse-grained clastites and limestones of destroyed reefs from the Late Campanian (unit 3) are determined in the well Sa-1, depth interval 2415-2349 m (Fig. 3) . Sediments of this unit are in tectonic contact with Proterozoic-Palaeozoic mylonite metamorphites of the Tisza Mega-unit.
The lower part of unit 3 consists of coarse-grained clastites (interval 2415-2380 m), represented by interbedding of subarkoses and siltstones with conglomeratic arkose. Presence of microfauna was not registered in the studied coarse-grained clastites, but a Late Cretaceous palynomorph association (angiosperms from the Normapolles group) was identified. The studied sediments most probably correspond to the Upper Campanian, for in the well section, they underlie the limestones, the age of which was determined as Upper Campanian, according to foraminiferal data. The upper part of unit 3 consists of limestones from destroyed reefs (depth interval 2380-2349 m). These are light-grey biosparites to sandy biosparites (Grainstone-Packstone microfacies) and dark-grey biomicrites (Packstone-Floatstone microfacies). The Late Campanian age of the upper part of unit 3 was determined based on larger benthic foraminifera species.
The presence of Late Campanian alodapic limestones in deep-water complex, with reef-fossil detritus, larger calcareous benthic foraminifera of deeper parts of the euphotic zone, as well as typical deep-water agglutinated benthic foraminifera, is explained by transportation of material from shallow-water environments into deeper parts of the basin.
The pelagic limestones from the Latest Campanian-Early Maastrichtian (unit 4)
The pelagic limestones from the Latest Campanian-Early Maastrichtian were distinguished as unit 4, determined in well KrMz-1, depth interval 2780-2624 m (Fig. 2) . Sediments of this unit conformably overlie the deposits of the older unit 2.
Unit 4 consists of silty biointramicrites (Wackestone microfacies), containing numerous fault mirrors. The Gansserina gansseri Interval Zone (Latest Campanian-Early Maastrichtian) was recognized in the studied pelagic limestones on the basis of globotruncanids. The CampanianMaastrichtian age of limestone was also confirmed based on the identified palynomorph association, represented by a rich association of fern spores and angiosperms belonging to the Normapolles group as well as remains of marine phytoplankton (algae Dinoflagellata).
The pelagic laminated limestones from the Early Maastrichtian (unit 5)
The pelagic laminated limestones from the Early Maastrichtian have been determined in well Mdj-3, depth interval 1738.1-1732 m (Fig. 4) . The basement to the sediments of this unit is unknown, for exploration drilling was terminated in these deposits.
This unit is represented by laminar interbedding of greygreen biomicrites and sandy limestones with grey marly siltstones. According to Čanović & Kemenci (1988) , these sediments were defined as a specific type of pelagic limestone, corresponding to Late Maastrichtian. On the basis of the newer micropalaeontological and biostratigraphical studies, Gansserina gansseri Interval Zone was recognized in sediments of this unit, most likely the uppermost part of this zone, belonging to the Early Maastrichtian.
Interpreted units of investigated Campanian-Maastrichtian complex containing ophiolites intercalated with hemipelagic and pelagic sediments of the Southern Bačka area

The hemipelagic carbonates and clastites from the Late Campanian with basic volcanites and their tuffs (unit I)
Unit I is determined in well Srs-1, depth interval 2105-1826 m (Fig. 5) . The rocks which belong to this unit are in tectonic contact with Proterozoic-Palaeozoic metamorphites of the Tisza Mega-unit.
The sediments in the lower and middle part of unit (interval 2105-1905 m) are represented by dark-grey and whitish coarse-grained calcareous sandstones with sandy limestone boulders, fine-grained sandstones, laminated silty-clayey marls and light-grey biointrasparites (Packstone microfacies). The upper part of the unit (interval 1905-1826 m) consists of GEOLOGICA CARPATHICA, 2017, 68, 2, 130 -146 dark-grey laminated sandy marls and sandstones, while the highest levels consist of ferrous-calcareous sandstones and sandy limestones. The main feature of this unit is that the sediments in the lower and middle part alternate with basic volcanites (diabases, spilites, pyroclastic breccia) and derived tuffs (synchronous multi-phase submarine ultrabasic volcanism). The determined microfossil assemblage or biostratigraphically significant globotruncanid species and larger benthic foraminifera species indicate that the studied unit corresponds to the Late Campanian. Nannozones were also recognized in the sediments of the upper part of the unit CC21a-CC22.
The pyroclastic breccia interbedded with pelagic limestones from the Latest Campanian-Early Maastrichtian (unit II)
Unit II is determined in well Vbg-1, depth interval 2500-1885 m (Fig. 6) . The well was terminated in pyroclastic breccias, so that their basement in this well is unknown.
The pyroclastic breccias are composed of millimetre-to centimetre-sized angular fragments of diabases, spilites, rhyolites and vitroclastic tuffs. Rock fragments are usually melded together, less frequently cemented with tuffitic matrix (devitrified, zeolitized, volcanic glass). In a number of separate intervals (2100-2059 m, 1995-1975 m and 1905-1885 m) pyroclastic breccias are intrastratified with intercalations of brownish-red and grey-green pelagic biomicrites (Wackstone microfacies). The Gansserina gansseri Interval Zone was recognized in the studied biomicrites on the basis of the identified globotruncanid association.
Biostratigraphical comments
In the studied sediments of some units, two planktonic foraminiferal zones have been recognized, based on the first and last occurrence of the index taxa: Globotruncana ventricosa Interval Zone and Gansserina gansseri Interval Zone. The biostratigraphy of the Late Campanian units is based on entire microfossil assemblages, which are grouped in three types of foraminiferal assemblage.
The biostratigraphical distributions of selected planktonic and benthic foraminiferal species from the studied area and other Tethyan regions are shown in Fig. 7 . In this paper, the zonal scheme of planktonic foraminifera according to Premoli Silva & Verga (2004) was adopted, for it represents the synthesis of numerous zone schemes, which were distinguished for different tropical-subtropical palaeogeographic areas.
Notable considerations on the differences in chronostratigraphic position of a certain zonal species of planktonic foraminifera were given in the paper Kędzierski et al. (2015) . Emphasizing that far more precise bio strati graphic data could be obtained by integrating the results of a number of different methods, such as palaeomagnetostratigraphy and biostratigraphy based on different fossil groups, the authors indicated the existance of the problem of diachronicity of the first and the last occurrence of zonal species, caused by palaeoenvironmental conditions in different bioprovinces.
Globotruncana ventricosa Interval Zone
Age: Middle to Late Campanian (Premoli Silva & Verga 2004) . Distribution: KrMz-1 well -hemipelagic limestones of Middle-Late Campanian (lower and middle part of unit 2), depth interval 2939-2792 m (Fig. 2) .
Assemblage: The lower boundary of Globotruncana ventricosa Zone corresponds to the first occurrence of the zonal marker, while the upper boundary is assumed below the first occurrence of the species Gansserina gansseri and larger benthic foraminifera species Siderolites vidali and S. charentensis (Fig. 2) .
The planktonic foraminifera are most abundantly represented by: Contusotruncana fornicata, Globotruncana arca, G. bulloides, G. hilli, G. lapparenti, G. linneiana and G. orientalis. Small, simple morphotypes of planktonic foraminifera (r-strategists) are also present, represented by hedbergellids and biserial heterohelicids. The zonal species Globotruncana ventricosa is shown in Figures 8 and 9 . The identified planktonic foraminifera are dominated by keeled forms of complex (K-strategists) morphotypes, as specialized forms of planktonic foraminifera. They are typical for oligotrophic environmental conditions and indicate good stratification of the water column in tropical and subtropical environments (Petrizzo 2002) . These keeled planktonic foraminifera represent the bathypelagic group (Caron & Homewood 1983; Gasiński et al. 1999) .
Among benthic foraminifera, agglutinated taxa (Arenobulimina preslii, Bathysiphon sp., Dorothia pupa, Marssonella trochus and Minouxia sp.) and calcareous taxa (Bolivina sp., Gavelinella voltziana, Lenticulina sp. and Lagenidae) were identified. The determined forms of agglutinated benthic foraminifera belong to deep-water forms and include mixed types (upper and middle to lower bathyal zone). Outer shelf to upper bathyal environments are characterized by specimens of Gavelinella (Hradecká et al. 1999) . On the other hand, specimens of lagenids, and specimens of Bolivina and Lenticulina are associated with inner, middle or outer shelf to bathyal environments (Olsson & Nyong 1984; Murray 1991) . These are rarely present in the studied foraminifera associations.
Remarks: The Globotruncana ventricosa Zone, recognized in the studied area, corresponds to the zone of the same range of Premoli Silva & Verga (2004) . Based on regional and global comparative study of planktonic foraminifera, Petrizzo et al. (2011) indicated the variations of the first occurrence of G. ventricosa across latitudes and the difficulties in using this species as a zonal marker in tropical and subtropical low latitude areas. Instead of G. ventricosa species, the authors pointed out that first occurrence of species Contusotruncana plummerae is a reliable bioevent and singled out this species as a zonal marker in tropical and subtropical areas. The Contusotruncana plummerae Zone is determined as the stratigraphic interval between the lowest occurrence of this species and the lowest occurrence of species R. calcarata. Ogg & Hinnov (2012) , while determining the age of epoch / series and age / stage boundaries of the Cretaceous, among other things, stated the planktonic foraminiferal biozones, which were determined as composite according to numerous authors. The Contusotruncana plummerae Zone was distinguished in the Middle-Upper Campanian (Fig. 7) .
Types of foraminiferal assemblage from the Late Campanian
The first foraminiferal assemblage in the Late Campanian sediments characterizes the higher part of unit 2 Fig. 6 . Stratigraphic column of the Vrbas grad-1 (Vbg-1) well with distribution and relative abundance of foraminifera, microplankton and detritus of inoceramids.
in the well KrMz-1, interval 2792-2780 m. Foraminiferal association comprises planktonic, calcareous and agglutinated benthic foraminifera, among which larger benthic foraminifera forms predominate. Among other fossil remnants, the presence of shallow-water fossil detritus is notable (Fig. 2) . The keeled planktonic foraminifera as well as most of the benthic foraminifera indicate a deep-water character of the studied unit. Besides them, shallow-water foraminifera, represented by specimens of Siderolites have also been identified in the studied unit. These are characteristic for deeper parts of the euphotic zone in open shelves (Gušić & Jelaska 1990) . Very rich and diverse biodetritus originates mainly from rudists (radiolitids, hippuritids), ostreids and other bivalve shells, while echinoid spines, serpulid tube-worms and calcareous For determination of the Late Campanian age of the studied sediments, globotruncanids bear a special biostratigraphical value, above all the species Globotruncanita elevata, larger benthic foraminifera species Siderolites vidali and S. charentensis, as well as some other benthic foraminifera species, such as Reussella szajnochae and Stensioeina pommerana (Fig. 7) .
The second foraminiferal assemblage in the Late Campanian sediments is characteristic for the upper part of unit 3 in the well Sa-1, interval 2380-2349 m (Fig. 3) . Planktonic foraminifera species are not present in the foraminiferal association, while larger benthic foraminifera taxa dominate among the benthic foraminifera. Nevertheless, shallow-water fossil detritus is the most frequent within the microfossil association. Larger benthic foraminifer taxa consist of: Goupillaudina sp., Pararotalia sp., Siderolites charentensis, Siderolites vidali, as well as rotaliids. Other identified benthic foraminifera are Gaudryina pyramidata, Marssonella trochus (agglutinated benthic foraminifera) and Gavelinella sp. (calcareous benthic foraminifera), which are characteristic for outer shelf to upper bathyal environments. Shallow-water fossil detritus comprises: bivalves (rudist fragments -radiolitids, hippuritids predominate), echinoid spines, bryozoans and calcareous algae Coralinales and Dasycladales. Some species of benthic foraminifera from the second foraminiferal assemblage are shown in Figure 10 .
The third foraminiferal assemblage in Late Campanian rocks is identified in hemipelagic carbonates and clastites of the older unit I in the well Srs-1 (Fig. 5) . The diversity of foraminiferal and other fossil assemblages and their relative abundance change within the studied unit according to lithological changes.
In coarse-grained calcareous sandstones in the lower part of the unit larger benthic foraminifera (Goupillaudina sp.) and deep-water agglutinated benthic foraminifera (Marssonella trochus, Tritaxia sp. and Verneuilina sp.) are seldom present. These sediments are characterized by detritus of different shallow-water fossils (fragments of inner lamellar layers with radiolitids and hippuritids shells, bryozoan fragments and fragments of calcareous algae), which were transported from shallower to deeper parts of the basin.
Planktonic and deep-water benthic foraminifera are present in the foraminiferal association of fine-grained sandstones and laminated silty-clayey marls of the lower and middle part of the unit (interval 2105-1905 m) (Fig. 5 ). Globotruncanids comprise: Contusotruncana fornicata, Globotruncana arca, G. bulloides, G. falsostuarti, G. linneiana, G. orientalis, Globotruncanita cf. atlantica, Gl'ita elevata, Gl'ita (Olsson & Nyong 1984; Chacón et al. 2004) . Some of them can also occur in lower bathyal environments, such as specimens of Tritaxia (Olsson & Nyong 1984) , and some among the identified representatives of agglutinated foraminifera (Bathysiphon, Clavulinoides, Dorothia, Gaudryina, Haplophragmoides, Marssonella, Rhabdammina) are indicated as typical flysch-type foraminiferal microfauna or typical for oceanic (abyssal) environments (Kuhnt 1990; Kuhnt & Kaminski 1997) . Deepwater calcareous benthic foraminifera consist of: Gavelinella monterelensis, Gavelinella voltziana, Gyroidinoides nitidus, Lenticulina sp., Neoflabellina suturalis and Stensioeina pommerana. On the other hand, biointrasparites in the middle Within the foraminiferal association in the laminated sandy marls and sandstones of the upper part of the unit (interval 1905-1826 m) deep-water agglutinated benthic foraminifera dominate. Calcareous benthic foraminifera taxa are also present, while the planktonic foraminifera are seldom present (Fig. 5) . In the studied sediments, a rich association of calcareous nannoplankton was determined: Arkhangelskiella cymbiformis Vekshina, Calculites obscurus (Deflandre), Eiffellithus eximius (Stover), Microrhabdulus decoratus Deflandre, Micula concava (Strander), Micula decussata Vekshina, Quadrum gothicum (Deflandre) etc. The main feature of ferruginous-calcareous sandstones and sandy limestones of the uppermost part of the unit is the presence of larger agglutinated foraminifera Bulbophragmium aequale and forms which belong to the family Labyrinthidomatidae (Fig. 5) .
Globotruncanid species Globotruncanita elevata, Gl'ita cf. atlantica, Gl'ita stuarti and Globotruncana falsostuarti and larger benthic foraminifera species Bulbophragmium aequale, Siderolites charentensis and S. vidali had a great biostratigraphic value in determination of the Late Campanian age of the studied sediments (Fig. 7) . Within certain levels of the upper part of the unit (samples of core 1902-1896 m), CC21a-CC22 Nannozones were recognized. The selected planktonic and benthic foraminifera from this foraminiferal assemblage of Late Campanian rocks are shown in Figures 8,  10 and 11.
Gansserina gansseri Interval Zone
Age: Latest Campanian-Early Maastrichtian (Premoli Silva & Verga 2004) .
Distribution: KrMz-1 well -unit 4, depth interval 2780-2624 m (Fig. 2) , Mdj-3 well -unit 5, depth interval 1738,1-1732 m (Fig. 4) and Vbg-1 well -unit II, depth interval 2500-1885 m (Fig. 6) .
Assemblage: In the studied area this zone corresponds to sediment units in which the species Gansserina gansseri is constantly present (Figs. 2, 4 and 6 ). Planktonic foraminifera are represented by: Archaeoglobigerina cf. cretacea, Contusotruncana fornicata, C. patelliformis, C. cf. walfischensis, Globotruncana aegyptiaca, G. arca, G. bulloides, G. falsostuarti, G. hilli, G. lapparenti, G. linneiana, G. orientalis, G. ventricosa, Globotruncanita cf. angulata, Gl'ita cf. conica, Gl'ita elevata, Gl'ita cf. pettersi, Gl'ita stuarti, Gl' ita stuartiformis and Heterohelix globulosa. Besides heterohelicids and archeoglobigerinids, other r-strategists as well as r/K intermediate morphotype group are present: hedbergelids, globigerinelloids and rugoglobigerinids. Complex morphotypes (K-strategists) represent the bathypelagic group. According to Abramovich et al. (2003) , most of them belong to subsurface or thermocline (even subthermocline) groups of foraminifera. The more K-selected of the r/K intermediates are represented by trochospiral forms with hemispheric small chambers and one peripheral keel, the example of which is zonal species Gansserina gansseri. Representatives of trochospiral genera Archaeoglobigerina and Rugoglobigerina and planspiral genus Globigerinelloides are some of the more r-selected of the r/K intermediate morphotype groups. Zonal marker Gansserina gansseri is distinguished as a thermocline group foraminifera in the Lower Maastrichtian, while unkeeled intermediate morphotypes belong to the subsurface water foraminifera group (Abramovich et al. 2003) . The species Heterohelix globulosa, as an opportunistic taxon (r-strategists), also belongs to the thermocline group of foraminifera.
Agglutinated benthic foraminifera have a deep-water character (bathyal environments) and consist of: Arenobulimina preslii, Bathysiphon sp., Caudammina cf. ovula, Dorothia pupa, Gaudryina pyramidata, Haplophragmoides gr. walteri, Marssonella trochus, Minouxia sp., Nothia sp., Rhabdammina sp., Spiroplectinella sp., Tritaxia tricarinata and Verneuilina tricarinata. Calcareous benthic foraminifera taxa are represented by mixed forms: Bolivina sp., Gavelinella monterelensis, Gavelinella voltziana, Gyroidinoides nitidus, Lenticulina sp., Reussella szajnochae, Stensioeina pommerana and forms from families Lagenidae, Miliolidae and Nodosariidae. Other fossil remnants are represented by microplankton (pithonellae and other calcisphaerae), which are very rare in the studied pelagic units, and inoceramid detritus.
Biostratigraphical subdivision within a zone could be done only for the sediments of unit 5 from Mdj-3 well, based on the presence of Contusotruncana cf. walfischensis species and greater presence of rugoglobigerinids, characteristic of the Maastrichtian sediments (Fig. 4) . Considering all of this, the studied sediments most probably correspond to the upper part of the Gansserina gansseri Zone, of Early Maastrichtian age. The selected planktonic and benthic foraminifera from the Gansserina gansseri Zone are presented in Figs. 8-11. Remarks: The Gansserina gansseri Interval Zone, recognized in the studied area, corresponds to the zone of the same stratigraphic range of Premoli Silva & Verga (2004) .
According to previous zonal schemes of planktonic foraminifera the Gansserina gansseri Interval Zone was attributed to the middle part of the Maastrichtian (Fleury 1980; Robaszynski et al. 1984) or Late Maastrichtian (Caron 1985) . Later, after updating biozone boundaries according to the results of palaeomagnetostratigraphic measurements, the Gansserina gansseri Zone corresponded to the Latest Campanian-Early Maastrichtian (Premoli Silva & Sliter 1995; Robaszynski & Caron 1995; Premoli Silva & Verga 2004) . Ogg & Hinnov (2012) accepted the chrono-stratigraphical position of this zone in the Latest Campanian-Earliest Maastrichtian (Fig. 7) .
Discussion
Micropalaeontological, biostratigraphical, palaeo-ecological, as well as lithological studies of both complexes from the wells in Vojvodina, indicated the development of a deep trough during the Campanian-Maastrichtian age. The studied complexes have a deep-water character and were most probably formed in ocean island arc and trough zones. Information on the deep-water character of the studied units was obtained on the basis of relative abundance and diversity of identified planktonic foraminifera (complex morphotypes and the more K-selected of the r/K intermediates morphotypes) and deep-water calcareous and agglutinated benthic foraminifera. The carbonate-clastic complex in Banat is characterized by development of five units, which were determined in three wells (Figs. 2-4) . Their superposition from the older towards the younger units indicates the process of trough formation, deepening and creation of pre-conditions for development of flysch formations. The other complex characterized by ophiolites intercalating with hemipelagic and pelagic deposits, was determined in two wells in South Bačka and consists of two units (Figs. 5 and 6 ). It should be noted that the studied Campanian-Maastrichtian complexes are in tectonic contact with the older, deeper formations, such as Proterozoic-Palaeozoic granite-metamorphic complex of the Tisza Mega-unit (wells Sa-1 and Srs-1) or the AlbianCenomanian deep-water formation of the Vardar Zone (well KrMz-1). Up to now, the history of the trough's development and precise timing of its formation have not been clearly defined.
Study of the palaeo-ecological characteristics of foraminifera, as well as the lithological characteristics of the units of both complexes, indicated that during the CampanianMaastrichtian, concurrently with deep trough development, shallow-water areas where reefs were developed, also existed. When it comes to the carbonate-clastic complex in Banat, it is indicated by the following determined units (Figs. 2 and 3) : limestones of destroyed reefs of Middle-Late Campanian age (KrMz-1 well) -unit 1, hemipelagic limestones of Middle-Late and Late Campanian age (KrMz-1 well) -unit 2 and coarse-grained clastites and limestones from destroyed reefs of Late Campanian age (Sa-1 well) -unit 3. When it comes to the other complex, the existence of reef environments during the Late Campanian is indicated by the development of the older unit I from Srs-1 well (Fig. 5) . These units comprise sandy biosparites, biosparudites, biomicrites, sandy and silty biointramicrites with fragments of conglomeratic biointrasparites, microconglomeratic calcareous breccias, coarsegrained clastites, calcareous sandstones with fragments of sandy rudist limestones, which occur within deep-marine carbonate-clastic sediments. The sediments of these units, except for planktonic and deep-water benthic foraminifera, are characterized by the presence of larger benthic foraminifera (specimens of Siderolites, Pararotalia and Goupillaudina) as well as other shallow-water fossils (rudist detritus and other bivalve shells, serpulid tube-worms, echinoids, calcareous algae and bryozoans), which indicate the existence of reef environments in island arc zones during the Middle and Late Campanian. The presence of limestones and other sediments with reef-fossil detritus in these deep-water complexes can be associated with tectonically unstable conditions in the areas of their generation, when the transfer of shallow-water rock and fossil material from shallow-water to deep-water depositional environments occurred by means of gravitational or other transport mechanisms.
In the well Sa-1 (Fig. 3 ) Proterozoic-Palaeozoic metamorphites of the Tisza Mega-unit were drilled in the basement of the studied deep-water carbonate-clastic complex and the two units are in tectonic contact. This indicates the presence of large thrust systems, formed during the Palaeogene.
The studied complex, characterized by CampanianMaastrichtian ophiolites, intercalated with hemipelagic and pelagic sediments from the wells Srs-1 and Vbg-1 (Figs. 5 and 6), can be very well correlated with similar formations belonging to the Sava Zone. By its analogous palaeontological and lithological characteristics, the studied complex of South Bačka shows a connection with the prospects in North-West Bosnia (northern parts of Mt. Kozara - Karamata et al. 2000 Karamata et al. , 2005 and East Croatia (Mt. Požeška Gora - Pamić & Šparica 1983) . In the well Srs-1 hemipelagic carbonates and clastites in some levels interbed with diabases, spilites, their tuffs and pyroclastic breccias, while in the well Vbg-1 the red biomicrite interbeds were determined in pyroclastic breccias. On the northern slopes of Mt. Kozara (surroundings of Gornji Podgradci village) and Mt. Požeška Gora (locality Nakop stream) sediments that alternate with Late Cretaceous basalts (pillow basalts and tuffs) are represented by red and grey pelagic biomicrites and sandy limestones. Very rich globotruncanid associations are characteristic of pelagic limestones.
The Late Campanian-Early Maastrichtian age of the ophiolites from the wells of South Bačka is documented on the basis of micropalaeontological studies of the sediments which interbed with basic volcanites and their tuffs. Documenting the Late Cretaceous age of the ophiolites from South Bačka wells indicated that the dislocation of the blocks corresponding to the Sava Zone extended more towards the north (Fig. 1) , compared to previous knowledge of their position (Schmid et al. 2008) . It is important to note that below the CampanianMaastrichtian ophiolites in the wells of South Bačka the Tisza Mega-unit metamorphites (well Srs-1) were drilled, as is the case with the Campanian-Maastrichtian carbonate-clastic complex in the well Sa-1 in North Banat. Thus, in this case the presence of remains of the large thrust systems in Late Cretaceous formations in the south-eastern part of the Pannonian Basin can be assumed as well.
Conclusion
Both studied complexes have a deep-water character and were most probably formed in ocean island arc and trough zones. Significant information on the deep-water character of studied units was obtained on the basis of relative abundance and diversity of identified planktonic and benthic foraminifera and analysis of their palaeobathymetrics.
The carbonate-clastic complex of Banat is characterized by five units: limestones from destroyed reefs of Middle-Late Campanian age (KrMz-1 well) -unit 1, hemipelagic limestones from the Middle-Late and Late Campanian (KrMz-1 well) -unit 2, coarse-grained clastites and limestones of destroyed reefs from the Late Campanian (Sa-1 well) -unit 3, pelagic limestones of the Latest Campanian-Early Maastrichtian (KrMz-1 well) -unit 4 and pelagic laminated limestones of the Early Maastrichtian (Mdj-3 well) -unit 5. These units represent blocks, which were defined in three wells, and indicate the deepening trough where they were formed. The complex, characterized by Late Cretaceous ophiolites intercalated with hemipelagic and pelagic sediments of South Bačka consists of two units: hemipelagic carbonates and clastites of the Late Campanian with basic volcanites and their tuffs (Srs-1 well) -older unit I and pyroclastic breccia interbedded with pelagic limestones of the Latest CampanianEarly Maastrichtian (Vbg-1 well) -younger unit II.
The studied complexes show analogous lithological and palaeontological characteristics to Senonian pelagic and rudist sediments from localities in the Vardar Zone, such as Mt. Fruška Gora in Vojvodina (Dulić et al. 2004) , Struganik quarry in western Serbia (unpublished PhD thesis by Gajić, 2014) , but also to sediments from some localities in the Carpatho-Balkanides, such as the complex Vrbovački reef in eastern Serbia (Sladić-Trifunović 1992) . Some units also show characteristics analogous to the Senonian carbonate formations in the Transdanubian Range Zone, such as the Ugod Limestone and Polány Marl, typical bathyal Izsák Marl Formation of the Mecsek Facies Unit within the Tisza Megaunit (Haas et al. 2012) , as well as Senonian, red pelagic limestones of the Scaglia facies of the western Mediterranean (Kuhnt 1990 ).
The complex characterized by Upper Cretaceous ophiolites intercalated with hemipelagic and pelagic sediments can be very well correlated with similar formations in other Sava Zone localities, such as Mt. Požeška Gora or North Kozara Mountain. This is important in terms of obtaining significant data on the spatial distribution of blocks containing Late Cretaceous ophiolites. There is an assumption of their presence in several localities in Vojvodina, as well as in the wider region, which certainly indicates a need for future studies of the distribution of these blocks, in order to get as precise as possible information about the process of final closure of the Tethyan realm.
